Undergraduate civil engineering students have access to a rich and diverse bank of textual and graphic knowledge concerning their chosen profession. However, over a number of decades, commentators have raised concerns that students have insufficient understanding of the role of civil engineering in society. Indeed, the call for universities to educate 'global engineers' emphasises the need for students to be schooled in the humanities, in parallel with their core computational studies. Unfortunately, engineering students in particular are not accustomed to regular exploratory reading. This paper considers the use of the National Geographic magazine as a means to ignite students' curiosity in the world around them. The results from a pilot study and a content analysis of a number of editions from over a decade show that this periodical regularly carries themes directly concerning the impact of civil engineering in society, be it political, financial, environmental, social or ecological.
Introduction
The title of this paper adopts an amended version of a wellknown strapline used by the Institution of Civil Engineers (ICE) as a call for young student engineers to widen their interest in global affairs. The paper examines the potential use of the National Geographic magazine (NG) as a means to encourage exploratory reading and nurture a natural curiosity among undergraduate students. Indeed, Bourn and Neal (2008) call for higher education to prepare the 'global engineers' of the future. The correct wording of the strapline is When you understand civil engineering you see the world differently. (ICE Scotland, 2013) While referencing this call for a more global understanding, it is important also to recognise the role, and indeed responsibility, of civil engineers in modifying the planet's resources and influencing the behaviour of its inhabitants. Thomas Tredgold's (1788-1829) influential narrative within the ICE's 1828 Royal Charter -'directing the great sources of power in nature for the use and convenience of man' -has attracted recent interest. Muir Wood (1978) reflected on the 'excesses of man's dominance over nature', while his son Muir Wood (2012) confirmed that the great sources of power in nature will continue to 'overwhelm man from time to time'. Moreover, perhaps the title of the ICE presidential address by Mustow (1993) -'A world to serve' emphasises the change in outlook. Reflecting on Tredgold's definition offers undergraduate civil engineers a departure gate, not a revolving door, to reflect on their role in society. In particular, contemporary issues such as fracking and the exploration of the planet Mars should be on each student's radar, particularly given the name given to the roving vehicle exploring the planet -Curiosity. Indeed, curiosity fuels the narrative in this paper, and Millan (1996: p. 160 ) while having had the audacity to examine poetry in engineering education (but would have found favour with Thomas Telford; i.e. see Rolt, 2007: p. 74 ) conveys the intent of this research.
Whenever we pay real attention to the world, we engage in the process of discovery that frees our imaginations from our preconceptions and assumptions. This conflict between knowledge and imagination, between what we know and the unknown possibility, lies at the centre of engineering.
The primary aim of this paper is therefore to offer undergraduate students a 're-entry' point to their own studies, as captain of their own curiosity. It is argued that the NG provides an affordable, diverse and rich source of 'intuitive' knowledge that complements the traditional 'codified' knowledge in engineering textbooks and journals. Moreover, the acquisition of knowledge from social science publications can assist students to comprehend engineering 'in society' rather than assume a deterministic assumption that engineering is 'for society'. Furthermore, the plethora of subjects examined in the magazine reflects learning typically associated with that of a polymath engineer.
A 'degree' of humanities?
The history of the training and education of civil engineers has been a popular topic for researchers for over a century. Several ICE presidents, particularly those holding professorial appointments (i.e. see Clarke, 2012) have chosen to present a longitudinal account of developments. Inglis (1941) noted his concerns for students developing a 'narrowness of vision' if they concentrated exclusively on scientific aspects of the profession. Hartley (1960: p. 12 ) wondered if over-specialised courses were damping down 'initiative and imagination and to limit a wider interest in the arts and humanities'. This was reiterated by Arms (1994) , who revealed that first year civil engineers in the USA, who were exposed to a humanities curriculum, considered engineers in general to be 'creative problem solvers', while students who did not participate viewed engineers as 'number crunchers or gadget builders'. More recently, McCuen et al. (2011: p. 11) argued that A study of the humanities improves self awareness, self confidence, and communications skill. A liberally educated civil engineer will be more socially sensitive to future developments and contribute a well-rounded perspective to the engineering profession.
Indeed, Bourn and Sharma (2008) refer to an employer's perspective calling for engineering graduates to have an 'understanding of how the world works, economically, politically, socially, culturally, technologically and environmentally'. Furthermore, Stoker (2012) , an associate professor in civil and environmental engineering at the Massachusetts Institute of Technology, advises prospective students to secure good grades in maths and science while also showing an interest in ecology and the environment. Muir Wood (2012: p. 129 ) recommends that engineers need to 'think laterally, to speak out, and to study disciplines which are not traditionally seen as part of civil engineering, looking for innovative ideas which are capable of engineering application'. Moreover, the Joint Board of Moderators (JBM, 2009 (JBM, : p. 2013 , who are responsible for overseeing the accreditation of civil engineering courses in the UK, call for teaching and learning processes that 'assist students to understand the interaction between engineering, the environment and society'. However, despite examples of best practice being evident (JBM, 2013) it appears that a wholesale adoption of a humanities curriculum within all civil engineering courses in the UK continues to be problematical.
Curiosity and imagination
It is likely that the majority of undergraduate civil engineers are dominant 'left brain' thinkers, with a preference for a logical, rational and a linear approach to problem solving employing mathematics. Indeed, these are the attributes through which pupils access civil engineering studies. Unfortunately, this can lead to students believing that civil engineers receive neatly packaged concise problems to resolve, and as Steels (2010) fears, graduates typically 'believe that analytical calculations will form the majority of their daily workload'. Indeed, former ICE presidents have spoken of the need for civil engineers: to possess 'not only intellect, but of character and heart' (Fox, 1899: p. 23); to understand when problems are best solved using 'common-sense rather than by mathematics' (Halcrow, 1946: p. 4 ); 'to be curious and excite debate' (Whitby, 2001: p. 6 ); and to have an 'ability to synthesise solutions, not simply an ability to analyse problems' (Jowitt, 2009: p. 2).
A need for cultural emotional intelligence
The calculated, objective and rational nature of an engineer's persona could be interpreted as lacking in empathy, or more likely, it is an underplayed emotion rather than a polar opposite. Indeed, engineers employed in international joint venture projects in the UK and overseas, and those connected 24/7 with colleagues in global offices will have experienced cultural dilemmas regarding language and etiquette. However, such cultural interpersonal communications could be considered functional and job specific, whereas a deeper understanding of indigenous cultures will hold value for the undergraduate civil engineer. For example, Wood (2003) examined the impact of a proposed commuter road through an indigenous first nations reserve to alleviate traffic congestion in Calgary, Canada; and Gryc and Da Silva (2013) provided a case study involving the design and construction of a kindergarten complex in Ghana and concluded that civil engineers need to 'move out of their technological comfort zone' and should be sensitive to the needs of local cultures so as to ensure infrastructure is socially sustainable. Steels (2011: p. 93 ) appears to support the need to understand foreign cultures in his guide for early careerists -Initial Professional Development for Civil Engineers, and having spent a few days as a guest of Native Americans concluded that 'we had much to learn from them'. Former ICE president Jowitt (2009) also agrees.
As we enter what has also been called the Ecological Age, civil engineers need to adapt and learn from other disciplines and from other cultures that have a much closer relationship with the world in which we live -the American Indian, the Celt, the Inuit, the Aboriginal, the people of the Masai Mara, the Maori.
For undergraduate civil engineers to develop an emotional intelligence linked to an understanding and appreciation of national, regional and local cultures, it may require some students to ignite an otherwise unknown interest in anthropology. Perhaps these students find a natural affinity with organisations such as Engineers Without Borders (EWB UK, 2013). EWB's role in providing young people with an opportunity to utilise technology to assist tackling poverty around the globe has received support from Strathclyde University (UOS, 2013a), with students helping to establish the first Scottish branch in 2005. Indeed, Johnston et al. (2007) recommend exposing students to EWB early in their studies so that they learn to consider social and environmental issues when problem solving. Moreover, students who show an interest in EWB while at university are likely to develop an awareness of the Register of Engineers for Disaster Relief (see RedR UK, 2013) during their career. Indeed, as a founding patron of RedR, engineering consultant Arup (2012) has 'encouraged staff to train with the charity, provided financial support, and helped to shape its programmes, for over 25 years'.
Reference to a further charity, Bridges to Prosperity (B2P, 2013) highlights how a picture in the NG (see Morell, 2000) evoked an emotional yet practical response from an engineer. The picture featuring men in Ethiopia struggling across a damaged bridge inspired a construction company owner to found B2P. Perhaps proving that civil engineers are unique in knowledge and skills to act on global challenges. Bourn and Neal (2008) have examined the concept of the global engineer and point to the need for engineers to develop critical thinking skills including exploration of 'contentious and controversial aspects of engineering'. They raise concerns for engineering education.
Global issues require a global perspective
Higher education needs to prepare engineers of the future with the skills and know how they will need to manage rapid change, uncertainty and complexity. Key here is the ability to tailor engineering solutions to the local social, economic, political, cultural and environmental context and to understand the impact of local action on the wider world. (Bourn and Neal, 2008: p. 2) While fresher undergraduate students are exposed to news reports featuring natural and man-made disasters, anecdotal evidence suggests that the majority of students do not envisage themselves as providing solutions to such problems. Too many students appear to conceptualise their curriculum as 'bounded'; a narrowly defined commodity to be used solely in relation to fulfilling the requirements of summative assessments. Notwithstanding such problems, it can be seen that the concept of sustainable development, with regard to the Brundtland (1987) commission report, has provided a fertile source of topics to interest the undergraduate civil engineer. Indeed, while sustainable development is considered to be a relatively recent concept, the following list shows that for over 150 years, a series of ICE presidents have commented on associated themes (i.e. resource depletion; pollution; poverty). & Delivering sustainable development (Venables, 2001) & Poverty alleviation -the role of the engineer (Singleton, 2003) & Water for the world -why is it so difficult? (Banyard, 2004) & Engineering civilisation from the shadows (Jowitt, 2006) & Entering the ecological age -the engineer's role (Head, 2008) & Shifting agendas: response to resilience. The role of the engineer in disaster risk reduction .
While the topics listed above would provide undergraduate students with a bank of knowledge related to global engineering problems, it may be that technical design and construction issues, associated with sustainable construction (i.e. embodied energy and carbon footprint) are more prevalent in the undergraduate course syllabi. However, one topic, professional ethics (i.e. see Armstrong et al., 1999; Fewings, 2009 ) appears to offer students a bridge linking what they may consider the bounded technical knowledge to that of global citizenship.
Reading contemporary research such as Mustow (2006) 'Procurement of ethical construction products' offers an opportunity for students to reflect on the provision of materials and products from environmentally and socially responsible sources -topics that regularly receive an outing in the NG.
Reading for a degree
The genesis of this paper unravelled from the lead author's efforts to encourage more widespread reading of books, magazines and research publications among undergraduate students. The initiative features a book club with guest authors and a compulsory book reading exercise for new first year students (UOS, 2013b). The verbatim below, related to The Eden Project by Tim Smit (2011) indicates that, despite engineering students having an apparent stereotypical aversion to reading (Burstall, 1953; Marchant, 2002) , they can be inspired by the outcome. Additional coursework initiatives have required students to read six ICE presidential addresses (1820-2013) before preparing their own address (UOS, 2013c), reading New Civil Engineer as a means to learn about construction technology (UOS, 2013d) and as a fun festive art competition (Oliver, 2010) and frequent directed reading of The Structural Engineer, various ICE Proceedings and The Arup Journal (i.e. see Birch (2008) 'Waste as a driver of change' and Jackson (2011) 'The oceans as a driver of change').
The idea to promote the NG to students was driven by the lead author's academic interests in corporate social responsibility (Murray and Dainty, 2009 ), a personal interest in botany and biomimicry, and a general interest in global issues.
The National Geographic Society
The history of the National Geographic Society (NGS), its National Geographic magazine and its subsequent media interventions (television channel and website) are examined in a series of NGS publications (Bryan, 1987; Grosvenor, 1957; Jenkins, 2012 Miller and Lessard, 2000; Priemus et al., 2008) , the NG articles feature narrative and graphics exploring a 'humanistic' representation of engineering (i.e. see Grigsby, 2012) rather than place an emphasis on the objective rationality of a cost-benefit analysis.
While the purpose of this paper is not to document a history of civil engineering in the NG, of particular note are two special 13th issues published to date. Issues in February 1981 (Weaver et al., 1981 ) -Energy -and in November 1993 (Graves, 1993 ) -Water -featured articles with content mirrored in the narrative of recent ICE presidential addresses. However, as argued in the title of this paper, undergraduate students should be encouraged to develop a wider curiosity about this planet. Regular reading of the NG could provide the stimulus for the student engineer to interpret the built and natural environment using an alternative lens. This would go some way to answering the call from Bell et al. (2011) for engineering to be considered as a sociotechnical profession and for engineers to assume the role of 'mediators between technology, nature, society and culture'.
Students who seek inspiration to engage with the NG would do no better than to consider the NGS's second president, Alexander Graham Bell (1847 Bell ( -1922 , president from January 1898 until October 1903. In keeping with another inspirational engineer -Isambard Kingdom Brunel -Bell could be considered a polymath with a wide range of interests other than the telephone. Bryan (1987: p. 34 ) talks of his 'eccentric genius with a childlike enthusiasm for and fascination with the world around him'. Bell had several articles published in the NG and in 1903 his article on 'The tetrahedral principle in kite structure' ran to 32 pages. Given his interest in kites it may be that a recent NG article examining the use of drone aircraft (Horgan, 2013) would fascinate him more deeply than Grotzinger (2013) . Should students see no relevance in this, then Muir Wood (2012: p. 127) offers assistance -'civil engineering in space will challenge our inventiveness for lightweight, compact, collapsible, deployable structures', and that engineers should ' relish the excitement of searching for novel engineering solutions' to supporting human settlements in space. Bell would no doubt agree.
Self-education is a life-long affair. There cannot be mental atrophy in any person who continues to observe, to remember what he observes, and to seek answers for his unceasing hows and whys about things. (cited in Grosvenor and Morgan, 1997) 
A pilot study
As a means to assess whether students would consider the NG a beneficial resource, a small survey of 101 students (29 first year and 72 third year) agreed to examine selected editions featuring reporting on issues such as flooding, population growth, infrastructure, energy supply and urban development.
Before examining a minimum of two editions, the students were required to answer a Likert-type question -'Do you think that the National Geographic can provide useful knowledge for undergraduate civil engineers?' After reading their selected magazines, the students were required to answer the same question again. Table 1 shows the impact of this pilot survey. The students were also required to give reasons for their response by writing a short sentence about each article read. The verbatim was categorised into themes and a sample of the returns is shown in Table 2 . While it could be expected that the
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students would see value in articles concerning infrastructure, sustainability and so on, it was reassuring that one student, on reading a wildlife article, observed (possibly synthesised) the potential for a lightweight construction material through mimicking a toucan's beak. While the concept of biomimicry had not been discussed with the third year students, it has been introduced to first year students through the provision of Pawlyn (2011) Biomimcry in Architecture and Yiatros et al. (2007) , whose ICE Proceedings paper examined biomimicry in structural design. Moreover, the Brunel lecture of Head (2008: p. 6 ) Entering the ecological age -the engineer's role, refers to 'using biomimicry principles as a framework to guide design and implementation and support the virtuous cycles of benefit'.
From the 101 students, 20 indicated that they had previously read the magazine at home or while attending an appointment with their dentist, general practitioner or hairdresser. Two Deepwater horizon -outlines the management issues, as well as cost-driven policy, which leads to the failure of the delivery pipe/cap. Impact of oil spill a concern to engineers in the oil sector students confirmed that they had a current subscription, with a third student being a former subscriber. The results in Table 1 indicate that on reviewing the sample magazines, a total of 11 (11%) students considered the publication of some use towards their studies; 70 (69%) students considered the magazine to offer good use, while nine (9%) regarded it to be of excellent use in assisting their learning. One subscriber contrasted the NG with other engineering publications and emphasised that it offered alternative but useful learning (Figure 1) . The student who had cancelled his subscription explained that he was unable to devote sufficient time to read each issue. However, completing the questionnaire had renewed his interest in the magazine and he considered the publication to offer new knowledge contributing to his continued professional development. Unfortunately, there appears to be a growing pattern of students 'satisficing' (at the expense of holistic understanding) through narrow 'rote' learning and 'cramming' knowledge before undertaking formal examinations. Regular reading of the NG would appear to offer students an opportunity to reevaluate how they conceptualise engineering knowledge, and its associated topics, above that of contributing solely towards a graduation parchment. Indeed, informal discussions with civil engineering students who were not part of the survey revealed two more subscribers to the magazine. The responses from both students provide additional corroborating evidence supporting the survey results.
I've had a subscription to National Geographic since I was about 15.
While many times it would appear to have nothing relevant, it sometimes has some very relevant pieces, and also gives context to how we work. I think it is best at describing the way humans relate to their surroundings. (Fourth year student) I have had a subscription for quite a few years and would say that it was fairly useful for civil engineers. It is probably more focused on the human impact of construction rather than with the exact details of how things were built. I do think it is very useful for anyone studying environmental engineering as almost every article has a depiction of local ecosystems and wildlife, and why each is doing well/not so well. It gives you an idea of the kind of things we should assess before undergoing any project, which I find interesting.
(Second-year student)
Use of the NG as research data
The previous section has demonstrated that the majority of students in the sample considered the NG to be of good use towards their studies. Clearly, the sample size does not permit the authors to make firm generalisations regarding the UK's population of undergraduate civil engineers. However, the results do suggest that the students who participated in the research may well consider this magazine of use when undertaking research for their own courseworks, design projects and dissertations. Indeed, the NG has been popular in providing knowledge that has been cited in engineering publications.
A cursory search within Google Scholar uncovered citations of the NG within the American Society of Civil Engineers publications. Hurricane Ike Field Investigations (ASCE, 2013) cited the article by McGee (1900) examining the aftermath of a hurricane in Galveston, USA. Wright and Zegarra (2000) Machu Picchu: A Civil Engineering Marvel cited the article by Henry Bingham (1913) on the discovery of the lost Inca estate. The paper by Litman (2006) in the Journal of Transport Engineering examined hurricanes Katrina and Rita, and cited the article by Bourne (2004) featuring flooding in New Orleans. A further article (Wilcox, 2012) in the ASCE's magazine Civil Engineering featured a charity, Bridges to Prosperity, and noted how the organisation's founder was influenced by a photograph in the NG article by Morell (2000) previously cited in this paper. Therefore, there are precedents for the NG being used in civil engineering publications, and this would suggest that it has sufficient useful content to be of value to the curious undergraduate civil engineer. It is therefore important not only to consider the perceived value by students based on a small number of sample editions, but to also carry out a wider content review to ascertain the scope of potential subjects that could be of interest. Table 3 shows the results of an indicative content analysis derived from searching the National Geographic Publications Index (2013) using ten keyword themes. The scope of the search was limited to articles published in the NG between January 2000 (volume 197, no. 2) to July 2013 (volume 224, no. 3) . Results from other NGS publications (i.e. children's magazine, Traveller) were excluded. The choice of the keyword themes emerged from browsing selected hard copy articles of the NG. While this was a pleasurable activity and did uncover a rich resource for further reflection, the number of themes detected with relevance to civil engineering became cumbersome, ending in data saturation. Moreover, this practice tends to reflect a 'thematic analysis', whereas the purpose of this paper is to demonstrate that the NG has featured a sufficient number of relevant articles that would be of interest to undergraduate civil engineering students. Table 3 shows the ten themes with the number of 'hits' shown in brackets. However, the subthemes provide a more extensive landscape justifying serious exploration by undergraduate students. Thus, it can be seen that from 25 articles featuring 'energy sources', 16 of these contained narrative related to 'environmental concerns'. Of course, real exploration and the (4) Traffic (11) Environmental concerns (16) Climate (22) Earthquakes (10) Water resources (11) Medicine and health (10) Technology (6) Engineering (4) Skyscrapers (8) Rivers (4) Automobiles (11) Fuels (13) Environmental concerns (18) Tsunamis (6) Climate (9) Conservation (7) Buildings (3) Buildings (3) Cities (7) Agriculture (3) Transportation (8) Global
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warming (9) Temperature (10) Volcanoes (6) Weathers (9) Wildlife conservation (6) Solar energy (3) Construction (3) Environmental concerns (7) Water supply
( 3) Accidents (4) Electricity (8) Carbon dioxide (6) Floods (4) Agriculture (8) Endangered and threatened species (4) Houses (2) Environmental concerns (3) Construction (6) Conservation (2) Cities (4) Energy conservation (7) Energy conservation (5) Geography (4) Environmental concerns (8) Diseases (3) Conservation (2) Transportation (3) New York (6) Global warming (2) Environmental concerns (3) Pollution (7) Greenhouse effect (5) Hurricanes (3) Famine (7) Fishes (3) Environmental concerns (2) Water (3) Energy conservation (5) Natural resources (2) Bridges (2) Climate (6) Conservation (4) Emergencies (3) Waters supply (7) Highways and roads (2) Bridges (2) China (5) Pollution (2) Solar energy (5) Energy sources
Water conservation (5) Historic landmarks (2) The content of the table should be considered indicative rather than a rigorous interrogation, one caveat being that the totals include some regional editions of the NG otherwise unavailable to undergraduate students. However, suffice to say that should they be drawn to consulting a recent edition featuring rising sea levels, they will be offered a challenge.
At different times in different places, engineering solutions will no longer suffice. Then the retreat from the coast will begin. In some places there will be no higher ground to retreat to. (Folger, 2013: p. 57) In addition to Table 3 several titles are shown below to provide the reader with additional evidence of suitable articles for consultation by undergraduate students. It is therefore clear that the subject matter considered by the NG is relevant to civil engineering and in particular undergraduate students who are striving to understand the broad reach of the profession. Regular reading of the NG is not proposed as a panacea for the issues discussed previously, but can form part of a 'blended' learning approach together with other ways of broadening knowledge such as industrial placements, work abroad in developing countries and reading a host of other papers and journals. However, the NG does have some key advantages over other approaches mentioned in that it is widely available, relatively inexpensive and is more accessible academically for those at the start of their career. Moreover, the photographic journalism in this publication is renowned, and as noted by Wilcox (2012) such images have the potential to prompt an emotional response from engineers. Indeed, the NG often focuses on the societal and ethical issues associated with engineering. This can help students develop the necessary character and heart required to meet the needs of future generations.
Conclusion
Encouraging each undergraduate student to accept that they are the captain of their own 'roving explorer' named curiosity, seeking new knowledge, will help fulfil the call by Fenner et al. (2005: p. 240 ) for them to be 'self-reflective learners, exposed to a range of different views, and continually encouraged to challenge their own assumptions'. While some undergraduate students are already seeking such knowledge, it is important to the profession, and in fact society as a whole, that there is a wider appreciation of global issues within the undergraduate civil engineering curriculum. This will not only enrich the profession but equip us with the essential tools needed to tackle the challenges of tomorrow.
The analysis of the NG suggests value in regular consultation of this periodical. Other publications that cover global issues examining politics and finance will also guide understanding of a civil engineer's role in society. While travelling across new landscapes as a global engineer, whether physically or cognitively, engineers will meet mentors providing a guiding light to help steer their own curiosity. The article by Grotzinger (2013: p. 38) in the NG -'Close up on Mars' offers such guidance.
There is no foreign land; it is the traveller only that is foreign.
(Robert Louis Stevenson)
